Background: Although previous studies showed an increasing prevalence of infections due to multi-drug resistant (MDR) bacteria in the community, specific data on sepsis are lacking. We aimed to assess prevalence, risk factors and outcomes of patients with sepsis due to MDR bacteria. Methods: An observational, retrospective study was conducted on consecutive adult patients coming from the community and admitted to the Policlinico Hospital, Milan, Italy, with a diagnosis of sepsis between January 2011 and December 2015. Primary study outcome was in-hospital mortality.
Introduction
Sepsis is a major health-care problem which affects millions of people each year worldwide with an increasing incidence over the last decades [1] . More than one third of patients with sepsis die during their hospital stay and the economic impact of sepsis is relevant, with a mean and median hospital and intensive care unit (ICU) cost of $32,421 and $27,461 per single patient, respectively [2, 3] . Recently, a new definition of sepsis and an update of the Surviving Sepsis Campaign guidelines have been published to improve sepsis diagnosis, to standardize communication between clinicians and researchers, and to spread an evidence based approach for the management of septic patients [1, 4] .
These guidelines confirm the appropriateness of initial antibiotic therapy as a crucial variable in septic patients [1, [5] [6] [7] [8] [9] . Among the major contributors of the increasing rates of inappropriate empiric antimicrobial treatment, the spread of antimicrobial resistance seems to be one of the most relevant [5, 6] . An update on sepsis epidemiology due to multi-drug resistant organisms (MDRO) and on its associated risk factors would be very helpful for clinicians to early detect patients requiring a broader antibiotic coverage.
Several experiences reported on risk factors for MDRO infections, enrolling heterogeneous patient populations. Some of them considered infections due to specific MDRO, mainly methicillin-resistant Staphylococcus aureus (MRSA) and extended-spectrum beta-lactamase (ESBL) producing Enterobacteriaceae [10] [11] [12] [13] [14] [15] , while others included patients with infection limited to one organ, such as pneumonia and urinary tract infections [16] [17] [18] [19] [20] . Finally, few other studies have been published on the impact of bacterial resistances in bloodstream infections, regardless the presence of sepsis [21] [22] [23] . No previous studies specifically evaluated prevalence, characteristics, and risk factors for MDRO in a specific sample of patients with sepsis.
The aim of this study was to assess prevalence, characteristics, risk factors, and outcomes of patients suffering of sepsis due to MDRO.
Materials and methods

Study design and study patients
This was an observational, retrospective study enrolling consecutive adult patients coming from the community and admitted to the Emergency Department (ED) of the IRCCS Fondazione Ca′ Granda, Ospedale Maggiore Policlinico of Milan, Italy, with sepsis between January 2011 and December 2015. Patients ≥18 years of age fitting sepsis criteria were included [4] . Patients admitted to the ED of the Policlinico Hospital coming from other hospitals were excluded. The study was approved by the ethical committee (262_2017bis) of the IRCCS Fondazione Ca′ Granda, Ospedale Maggiore Policlinico of Milan, Italy, whereas informed consent was waived due to the retrospective and observational nature of the study according to the Italian law on observational studies.
Data collection
Demographics, comorbidities, risk factors for MDRO, Charlson Comorbidity Index, clinical, laboratory and microbiological findings on admission, site of infection, disease severity (organ dysfunction, septic shock, SOFA score) empiric antibiotic therapy, vasopressor use and invasive mechanical ventilation data were recorded [24, 25] .
Risk factors for MDRO
The following risk factors for MDRO were recorded: nursing home or extended care facility residency, hospitalization for ≥2 days in the preceding 90 days, antimicrobial therapy in the preceding 90 days, home infusion therapy (including antibiotics), home wound care, indwelling bladder catheter, indwelling intravascular devices, chronic renal failure, chronic dialysis at least during the prior 30 days, day hospital attendance for infusion therapy or blood transfusions, mild, moderate and severe immunodepression [26] .
Study outcomes and definitions
The primary study outcome was in-hospital mortality. Secondary study outcome was length of hospital stay (LOS).
Sepsis and septic shock were defined according to the Third International Consensus Definitions for Sepsis and Septic Shock [4] . Sepsis was defined as life-threatening organ dysfunction caused by a dysregulated host response to infection. Organ dysfunction was identified as an acute change in total SOFA score ≥ 2 points following the infection. Septic shock was defined as a subset of sepsis in which underlying circulatory and cellular metabolism abnormalities are severe enough to increase significantly mortality. This condition was identified with a clinical construct of sepsis with persisting hypotension requiring vasopressors to maintain mean arterial pressure (MAP) ≥65 mmHg and having a serum lactate level > 2 mmol/L (18 mg/dL) despite adequate volume resuscitation.
Severe immunodepression was defined by the presence of at least one of the following medical conditions: active hematologic malignancy, transplantation, immunosuppressive therapy, chemotherapy and radiotherapy in the 30 days before the ED admission. Mild-to-moderate immunodepression was defined by the presence of at least one of the following medical conditions: chronic systemic steroid therapy (prednisone ≥25 mg daily), active solid malignancy, splenectomy, and autoimmune disease.
In-hospital mortality was defined as all-cause mortality occurring during hospitalization. LOS was calculated as the number of days from the date of hospital admission to the date of discharge.
Microbiological data and empiric antibiotic therapy
Microbiological results performed within 48 h since hospital admission were recorded, including blood, sputum, tracheobronchial aspirate, urine, wound, and mucosal swab cultures, as well as Legionella pneumophila and Streptococcus pneumoniae urinary antigens. Species identification and antimicrobial susceptibility testing were performed using an automated system (Vitek 2®; BioMérieux); susceptibility break-points were based on Anti-microbial Susceptibility Testing (EUCAST) guidelines.
[EUCAST breakpoint MRSA, Pseudomonas aeruginosa resistant to three classes of antibiotics among antipseudomonal penicillins, antipseudomonal cephalosporins, carbapenems, quinolones, and aminoglycosides, vancomycin-resistant Enterococcus, Acinetobacter baumanii, ESBL producing Enterobacteriaceae, carbapenemase-producing Klebsiella pneumoniae, and other pathogens with acquired non-susceptibility to at least one agent in three or more antimicrobials categories were considered as MDR bacteria [27] .
Empiric antibiotic therapy administered in the ED after diagnosis of sepsis and septic shock was recorded, together with its appropriateness according to the antibiotic susceptibility of the isolated pathogen and the agreement with local guideline (see Additional file 1: Table S1 ).
Statistical analysis
An ad hoc electronic form was used to collect all demographic, epidemiological, clinical, and microbiological variables. Qualitative and quantitative data were summarized with absolute and relative (percentage) frequencies and medians (interquartile ranges, IQR) according to their non-parametric distribution, respectively. Statistical differences of qualitative and quantitative variables were assessed with chi-squared or Fisher exact, when appropriate, and Mann-Whitney tests, respectively. Logistic regression analyses were carried out to assess the relationship between MDRO or ESBL+ infection and the collected covariates. A two-tailed p less than 0.05 was considered statistically significant. The statistical software STATA 14 (StataCorp LP, Lakeway Drive, College Station, USA) was used to perform all statistical computations.
Results
Study population
A total of 663 consecutive patients with sepsis were enrolled during the study period (56.6% males, median [IQR] age: 80 [71-87] years). The final study population consisted of 518 patients (78.1% of the total enrolled) who underwent at least one bacteriological test within the first 24 h after hospitalization.
Demographics, comorbidities, risk factors for MDRO, clinical, and laboratory findings on admission, site of infection, disease severity, therapy prescribed within 24 h after admission are summarized in Table 1 : lung (59.9%) and urinary tract (36.4%) were the most common sites of infection. A total of 146 (28.2%) patients had septic shock.
Three hundred ninety-seven patients (76.6%) had at least one risk factor for MDRO: hospitalization in the previous 3 months (28.4%), day hospital attendance (19.3%), severe immunodepression (18.9%), and antibiotic therapy in the last 90 days (15.5%) were the most frequent risk factors for MDRO.
Prevalence and characteristics of patients with sepsis due to MDRO and ESBL+ bacteria
Cultures were performed on blood (n = 446, 86.1%) and sputum (n = 25, 4.8%) samples, tracheobronchial aspirates (n = 27, 5.2%), urine (n = 189, 36%] and other (n = 47, 9.1%) samples. Microbiological findings are summarized in Table 2 . At least one pathogen was isolated in 305 patients (58.9%) and, among them, 198 (44.5%) had bacteremia.
At least one MDRO was isolated in 88 patients (17% among the entire population and 29.1% among culture positive patients), with ESBL+ Enterobacteriaceae being the most prevalent isolates (50 patients, 9.7%), including 43 (8.3%) patients with ESBL+ E. coli and 7 (1.4%) with ESBL+ K. pneumoniae. The second most prevalent MDR bacteria were MRSA (20 patients, 3.9%).
Demographics, comorbidities, risk factors, clinical and laboratory findings on admission, site of infection, disease severity, appropriateness of empiric antibiotic therapy, vasopressor use and invasive mechanical ventilation of the study sample are reported in the online supplement according to the presence of MDRO (Additional file 1: Table  S2 ) and ESBL+ bacteria (Additional file 1: Table S3 ).
Independent risk factors associated to MDRO and ESBL+ infection in patients with sepsis
After adjusting for several confounders, independent risk factors associated with the occurrence of sepsis due to MDRO and ESBL+ bacteria are reported in Tables 3 and 4 . Significant independent risk factors for sepsis due to MDRO were septic shock (OR: 2.2; 95% CI: 1.3-3.7, p = 0.002) and hospitalization in the past 90 days (OR: 2.3; 95% CI: 1.3-4.1, p = 0.003). Significant independent risk factors for sepsis due to ESBL+ bacteria were hospitalization in the past 90 days (OR: 2.1; 95% CI: 1.2-3.9, p = 0.02) and stroke (OR: 2.1; 95% CI: 1.0-4.1, p = 0.04).
Study outcomes
In-hospital mortality was 25.7% (n = 133). Among patients with septic shock 69 (47.3%) died. Demographics, comorbidities, risk factors, clinical laboratory, and microbiological findings on admission, site of infection, disease severity, appropriateness of empiric antibiotic therapy, vasopressors use and invasive mechanical ventilation of patients who died versus those who survived are summarized in Table 5 .
The median (IQR) LOS was 13 (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) days. Among patients with MDRO the median (IQR) LOS was 15 (9-22) days and in-hospital mortality was 40.2% (35 patients), while among those without MDRO infection LOS was 13 (8-21) days (p = 0.36) and mortality was 23.1% (n = 98) (p = 0.001).
Among patients with ESBL+ infection the median (IQR) LOS was 15 (9-21) days and in-hospital mortality was 32% (n = 16), whereas among those without ESBL+ infection median (IQR) LOS was 13 (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) days (p = 0.73) and in-hospital mortality was 25.3% (n = 117) (p = 0.27).
Risk factors for mortality in patients with sepsis
After adjusting for several confounders, including antibiotic therapy, vasopressor exposure and ventilatory treatment, independent risk factors associated with in-hospital mortality in patients with sepsis were: coagulation dysfunction (OR: 3.2; 95% CI: 1.1-8.8, p = 0.03), septic shock (OR: 3.2; 95% CI: 1.5-7.0, p = 0.003), and isolation of a MDR pathogen (OR: 4.6; 95% CI: 2.0-10.6, p < 0.001) ( Table 6) .
Discussion
The present study shows that more than three quarters of patients admitted to the hospital from the community for sepsis have at least one risk factor for MDRO, while in 17% of patients a MDRO is isolated. Among those, ESBL+ Enterobacteriaceae are the most prevalent ones (9.7%). Hospitalization in the previous 90 days and the presence of septic shock are the two independent risk factors associated with MDRO in patients with sepsis, whereas hospitalization in the previous 90 days and stroke are independently associated with infection caused by ESBL producer Enterobacteraceae.
Our study is in line with previously published data in terms of frequency of different sites of infection (lung being the first followed by urinary tract), most frequent organs involved in multi-organ failure, percentage of patients with septic shock and mortality rate [28, 29] . The prevalence of MDRO in our study is slightly higher than those previously reported in literature, mainly because of the characteristics of our study sample characterized by elderly patients with several comorbidities and a long history of medicalization [5, 30, 31] . We found a discrepancy between the frequency of risk factors for MDRO and the prevalence of cultures positive for MDRO. We could speculate that not all risk factors for MDRO should be equally weighted and share the same impact on guiding empiric antibiotic therapy in sepsis. n number, ESBL extended spectrum beta lactamase, MDR multi-drug resistant, spp species Among healthcare-related risk factors, hospitalization in the previous 90 days is the strongest independent variable associated with MDRO-related sepsis. The increasing prevalence of MDRO within the hospital wards, due to an extensive antibiotic use and transmission between healthcare workers and patients, might explain this finding, as previously suggested in published manuscripts [15, 19, 21, 26, 32] . Also, septic shock is a risk factor for sepsis caused by MDRO, although some could argue that septic shock is a marker of disease severity and should not be considered a risk factor itself. As previously reported, markers of disease severity were included as risk factors for MDRO mainly because of the impact that this finding might have in the clinical management. Our finding on septic shock as independent risk factor for MDRO clearly identifies a subgroup of more fragile patients who might deserve a broad-spectrum empiric antibiotic course based on their disease severity and risk of organ failure. In light of the high prevalence of MDRO we found and the high mortality rate of patients with septic shock, an antibiotic prescription for MDRO should be considered in shocked patients, especially if additional risk factors (e.g., previous hospitalization) are concomitant.
Among all MDRO, ESBL producer Enterobacteriaceae seems to be the most prevalent (9.7%), with ESBL producing E. coli and K. pneumoniae being 35% of all E. coli and K. pneumoniae isolated. These data are similar to those reported in the scientific literature: frequency of sepsis due to gram negative bacteria (GNB) is increasing worldwide and E. coli is the most frequent GNB found in septic patients admitted from the community [33] [34] [35] [36] . The rate of ESBL production among Enterobacteriaceae varies from country to country but it is increasing through all Europe, with Italy having one of the highest prevalence [31] . We specifically identified that hospitalization in the previous 90 days is a specific risk factor for ESBL Enterobacteriaceae, showing the important role played by the contact with health care setting, and suggesting the necessity of administering carbapenems empirically in septic patients with this risk factor. The other risk factor associated with ESBL+ bacteria is a positive history of stroke which could be explained in light of the prolonged hospitalization, nursing home residency or use of indwelling invasive devices (e.g., nasogastric tube, gastrostomy tube, bladder catheter). Considering the prevalence of ESBL Enterobacteriaceae and in case a MDRO infection is suspected (e.g., previous hospitalization), an empiric antibiotic therapy including carbapenems for ESBL+ pathogens could be considered, while waiting for culture results.
Sepsis due to MDRO is associated with higher mortality rates and the isolation of a MDRO is an independent risk factor for mortality. We know that patients presenting with MDRO infection have often a high number of comorbidities and a longer medical history, but also that MDRO infection and an inappropriate empirical antibiotic therapy are greatly correlated one to the other [5, 6] . In some studies MDRO infection is an independent risk factor for mortality, whereas in others it is a risk factor for inappropriate antibiotic therapy being the last an independent risk factor for mortality [5, 15] .
Our study has some limitations, including the retrospective nature and the single-center design. Our primary The strength and novelty of our study lie on a specific analysis of all risk factors for MDRO in a large sample of consecutive patients coming from the community and admitted to the ED, during a 5-year period, with the diagnosis of sepsis according to Sepsis-3 definition [4] . Several studies evaluated risk factors for MDRO in either bacteremic patients or in those affected by single organ disease (e.g., pneumonia). Our study is the first one evaluating all risk factors for MDRO previously published in literature in patients with sepsis regardless the site of infection.
Conclusion
In conclusion, our finding of an isolation of a MDRO in 17% of patients with sepsis coming from the community advocates for a better recognition of possible risk factors for MDRO and especially for ESBL+ Enterobacteriaceae. Patients with sepsis who have been hospitalized in the previous 90 days and/or with a history of stroke might be ideal candidate for a broader empiric antibiotic therapy covering ESBL+ Enterobacteriaceae, while waiting for microbiological results.
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